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The binary co l l i s ion  approximation developed by Vainshtein 

e t  all has produced sat isfactory agreement between theory and 

experiment f a r  c x c i t a t i x  md icnizatior, of neut ra l  a%om by 

electrons, especial ly  for  the intermediate and high incident 

energies. 

for  exci ta t ion and ivmization of ions by electrons.  Ln t h i s  

paper2 the theory has been applied t o  such processes for Het.  

It i s  of in te res t  t o  tes t  the  va l id i ty  of the  theory 

For t h e  electron-Helium ion system l e t  ;z represent t he  

posi t ion vectors of the  atomic and incident electrons, and 

k,, E, the m o m e n t u m  vectors of  the  incident electron before and 

a f t e r  the col l is ion.  Among the a l t e rna te  f o r m s  for the t r ans i t i on  
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amplitude we choose the one given by 

where Q2(fl) is the wave function of the atomic electron a f t e r  

the coll ision, Y(glY ;2) i s  the t o t a l  wave function of the system 

with a specified asymptotic form, and Z i s  the nuclear change. 

Equation (1) is an exact expression f o r  T(1, 2 ) ,  and the accuracy 

of T(1 ,  2) depends on how well Y(G,, r2) can be approximated t o  

the exact wave f'unction. 

by Vainshtein e t  a1  with the appropriate changes for  the electron-ion 

case. 

electron-neutral atom col l i s ion  and with the improvements i n  the 

evaluation of the in tegra l  introduced bjf Omidvar3 and Crothers4. 

4 

4 
We choose ~ ( f , ,  r2) t o  be the  one given 

The in tegra l  (1) i s  then evaluated s imilar ly  t o  the case of  

The r e su l t s  of the calculation for the  t rans i t ions  Is+ continuum, 

ls-+2sy and 1s-2p are  shown i n  Figures 143 and cmpared with ex- 

periment and other theories.  

of the  binary co l l i s ion  approximation t o  co l l i s ions  between electrons 

and ions can be drawn u n t i l  the exchange calculation i s  completed as  

some exchange calculations have been know t o  increase the d i r ec t  cross 

sec t  ion. 

Few conclusions about the application 
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A few comments about the  figures are i n  order however. 

The Coulomb Born and plane Born approximations should agree t o  

within a few percent above 500 eV. The Coulomb Born curve 

shown i n  Figure 1 i s  tha t  o f  Burgess' as shown by Dolder e t  a16 

who extrapolated Burgess's calculations by use of the plane Born 

theory. This w a s  an approximate calculation. A la ter  Coulomb 

Born calculation by Burgess and Rudge7 showed t h a t  t he  peak should 

be about 10% higher. 

Figure 1, are about 16% smaller than the correct Coulomb Born cross 

sections a t  the peak and are  therefore i n  be t t e r  agreement with the 

experimental resu l t s .  The present theory a l so  converges t o  the 

plane Born approximation but a t  much higher energies. 

s t i l l  about 10% below the  plane Born a t  impact energies of 100 times 

the threshold energy. The magnitude of our cross sections near the  

peak of t he  curve are quite sensitive to variat ions of t he  effect ive 

charge. 

s o  well with the  plane Born approximation a t  800 eV is  another point 

against  the present theory. 

and Schwartz', indicated by the t r iangles  i n  Figure 1, is  i n  excellent 

agreement with tk experiment, however t h e i r  theory does contain 

a r b i t r a r i l y  determined phase sh i f t s  

The plane Born cross sections, not shown i n  

Our curve i s  

The f a c t  tha t  the experimental results of Dolder e t  a1 agree 

The Born exchange calculation of Rudge 

In the case of excitation the  plane Born and t he  present 

approximation do not  give the correct threshold behavior since i n  
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these approximations zero cross sections a re  predicted a t  the  

excitation threshold. For the ls-2~ t ransi t ion,  Figure 2, t h i s  

defect i s  for  most applications unimportant i n  the present theory 

since the cross s e c t i m  increases so  rapidly j u s t  above threshold. 

In  f a c t  at l a w  energies our curve agrees a t  l e a s t  as well with the  

experimental curve of Dance e t  a19 as does the Coulomb Born I1 

calculation of Burgess e t  allo. 

normalized t o  the  plane Born approximation, between 500 and 750 eV. 

The va l id i ty  of the plane Born approximation a t  these energies has 

not been def in i te ly  established and hence the discrepancy between 

OUT theory and the experiment a t  these energies i s  not as note 

worthy as i n  the case of ionization. 

In  t h i s  case, the  experiment was  

There is no experimental data fo r  the t r ans i t i on  He+(ls)d(!?p). 

Therefore in Figure 3 we compare our theory with the  close coupling 

results of Burke e t  all’ 

cross sections do not increase as rapidly f m m  zero as they did i n  

the  1~42s case and they w i l l  therefore probably be l e s s  useful near 

and with the plane Born curve. Here our 

threshold. 
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F i g w  Captions 

Figure 1. Ionization of Het (Is) by electron impact. The 

t r iangles  indicate the Coulomb Born exchange caLculations 

of Rudge and Schwartz ( R e f .  8), t he  experiment was by 

Dolder e t  al ( R e f .  6), and the  Coulomb Born calculation 

by Burgess (Ref. 5 ) .  

t o  the Coulomb Born approximation a t  higher energies. 

The 1~42s exci ta t ion of He'(1s) by electron impact. 

sources of the curves are:  experiment by Dance e t  a1 

(Ref. 9 ) ;  C. B. I1 - Coulomb Born I1 by Burgess e t  al 

(Ref. 10); C. C. - close coupling by Burke e t  a1 ( R e f .  11). 

The first  data point given i n  the C.  C.  calculation i s  

about 3 eV above threshold. It i s  not therefore en t i r e ly  

c lear  how la rge  the peak on this curve is. 

The ls+2p exci ta t ion o f  H e + ( l s )  by electron impact. 

plane Born and the present theory are  compared with the 

close coupling calculation of Burkb e t  a1 (Ref. 11). 

The present theory goes asymptotically 

Figure 2. The 

Figure 3. The 
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